Both CD4+ and CD8+ T cells are required for the clearance of virus from the central nervous system following infection with the JHM strain of mouse hepatitis virus. Development of antiviral antibodies requires the presence of CD4+ T cells but appears to play a minimal role in the reduction of virus. The data presented are consistent with the hypothesis that clearance of JHM virus is mediated by virus-specific CD8+ T cells, which appear to require the presence of CD4+ T cells.
The JHM strain of mouse hepatitis virus (JHMV) induces an acute encephalomyelitis with both acute and chronic demyelination in its natural host, the mouse (5, 6, 16) . The host immune response plays a critical role both in protection from death and in modulating the development of chronic disease and associated demyelination (8, 12) . JHMV infection induces both cellular (T-cell-mediated) and humoral (B- cell-mediated) responses; however, the role(s) of the individual components of the immune system in providing protection from death and in preventing or exacerbating demyelination is not clear. For example, the passive transfer of monoclonal antibodies specific for the spike, matrix, and nucleocapsid structural proteins is able to protect mice from lethal infection (3, 7, 15) . Protection is apparently due to the sparing of the neuronal population and is associated with histological evidence of demyelination (3) .
A role for the cell-mediated immune response in protection has been demonstrated by observations from adoptive transfer experiments with polyclonal or clonal CD4+ delayed-type hypersensitivity (DTH)-inducer T cells. Transfer of these cells into JHMV-infected mice prevents neuronal infection and subsequent death, without significantly altering the replication of JHMV within glial cells in the central nervous system (CNS) (11) . As with monoclonal antibodies, the transfer of DTH-effector T cells also leads to protection associated with significant demyelination in survivors (4) . Interestingly, neither protection afforded by monoclonal antibodies nor that afforded by transferred CD4+ DTHinducer T cells results in the complete clearance of virus from the CNS.
Recently, we have shown that another population of CD4' cells distinct from the CD4+ DTH-inducer cells also protects mice from lethal JHMV infections (13 (10) . C57BL/6 mice were obtained from Jackson Laboratories, Bar Harbor, Maine, at 5 weeks of age. Representative mice were bled and ascertained to be seronegative for JHMV prior to infection.
Whole-body irradiation of mice 24 h before infection resulted in their complete inability to clear virus from the CNS (Fig. 1 ). All infected mice in this group were dead by day 9 postinfection. In mice which were irradiated immediately prior to infection, an early reduction in viral titer was observed. However, this reduction was not sustained, and by day 5, viral titers had increased to the initial levels observed in mice irradiated 24 h prior to infection. All mice in this group also succumbed to infection by day 9. In contrast, viral titers obtained from CNS tissue of untreated mice showed a gradual decline, which reached undetectable limits by day 11 .
The observation that irradiated mice could not clear virus from their CNS confirms the importance of the host immune response in reduction of viral replication. In nonirradiated hosts, the greatest reduction in viral titer was observed after day 7. Presumably, the number of host cytotoxic cells is at a maximum at this time, as has been observed in infections with other viruses (2) . However, the response is apparently too late to prevent death, even though viral titers in the CNS are significantly reduced.
To address the potential roles of the CD4+ and CD8+ populations of T Figure 3 shows the titers of JHMV recovered from the CNS of antibody-treated and untreated mice following infection with JHMV. Initially, a reduction in virus titers was observed in all three groups. After day 7, viral titers in the untreated group continued to decline whereas the clearance of JHMV from infected mice treated with anti-CD8 monoclonal antibody was significantly inhibited. By day 11, the titers of virus recovered had increased to the levels observed on day 5 and were significantly higher (>100 times higher) than those recovered from infected, untreated mice. These data are consistent with our previous suggestion that the clearance of JHMV from the CNS is mediated by CD8+ cells (14) . The anti-CD8-treated mice is coincident with the time of peak cytotoxic activity observed during infections with other viruses (2) . Thus, the lack of clearance of JHMV in anti-CD8-treated mice may be attributed to a lack of CD8+ cytotoxic T cells, suggesting that CD8+ T cells play a major role in clearing JHMV.
Interestingly, the data in Fig. 3 also show that anti-CD4 treatment can inhibit clearance of JHMV. The kinetics of viral replication and viral titers obtained from anti-CD4-treated mice were very similar to those obtained from anti-CD8-treated mice. These results suggest an interdependence of the CD4+ and CD8+ T-cell subsets, with both cell types playing critical roles in the clearance of JHMV from the CNS. The observation that adoptive transfer of CD4+, non-DTH-inducer T cells can result in viral clearance (14) , together with these data showing that virus clearance is abolished by depletion of either the CD4+ or the CD8+ population, is consistent with the hypothesis that clearance of JHMV is mediated by CD8+ T cells in a CD4+ T-celldependent fashion. The requirement for CD4+ cells for efficient clearance of JHMV is in contrast to infection with other viruses such as lymphocytic choriomeningitis virus, in which the activation of CD8+ effectors does not appear to depend on the concurrent presence of the CD4+ population (1).
Another interesting observation from the data shown in Fig. 3 is the similarity in the initial rates of viral clearance in all three groups of mice (days 5 to 7). This early reduction in viral titer was also observed in mice which received wholebody irradiation 1 h prior to infection but not in mice irradiated 24 h earlier (Fig. 1 ). These observations suggest that a radiosensitive cell that does not express either the CD4 or CD8 cell surface marker may mediate clearance early in infection. Since JHMV infection has previously been shown to induce NK cells through an interferon-independent mechanism (9), one possibility for the early reduction of virus in the CNS by a radiosensitive, non-T cell is the activation of NK cells. This concept is reinforced by the observation that NK cells exhibit antiviral activity early in infection (2) . An alternative possibility is the B-cell-mediated lysis of infected cells, which has been described for other strains of mouse hepatitis virus (17) , although the in vivo relevance of these cells is unclear.
These results establish significant roles for both CD4+ and CD8+ cells in the reduction of virus in the CNS of infected mice. Since antiviral antibodies are produced during JHMV infection, it is possible that antibodies may also contribute to viral clearance. Furthermore, passively transferred monoclonal antibodies specific for the three viral structural proteins have been shown to be protective (3, 7) . The present study, however, suggests that the presence of antibodies may not play a major role in preventing viral replication in the CNS. Serum JHMV-specific antibodies in untreated control and anti-CD4-and anti-CD8-depleted mice were measured by an enzyme-linked immunoadsorbent assay, as described previously (11) . Figure 4 shows the kinetics of the development of antibody responses following JHMV infection. The results show that the anti-JHMV antibodies in CD8-depleted mice were equivalent to the levels observed in untreated control mice. In spite of the presence of similar levels of antibody, CD8-depleted mice were unable to clear virus, unlike untreated mice. This suggests that clearance of virus in untreated mice is effected by CD8+ cells and that antibodies, while present, may have a minimal or no role in clearance of virus from the CNS. The results shown in Fig.  4 also show a clear dependence of antibody production on the presence of CD4+ T cells. Anti-CD4-treated mice failed to generate an antibody response to JHMV, whereas anti-CD8-treated mice, whose CD4+ population was unaffected, had titers equivalent to those of untreated mice.
In conclusion, these data confirm a role for both CD4+ and CD8+ T cells in the antiviral immune response during JHMV infection. These observations are consistent with the hypothesis that clearance of JHMV from the CNS is mediated by CD8+ cells, whose induction may in turn be dependent on the presence of CD4+ helper-inducer cells.
